Insomniacs often report memory and concentration problems, but these complaints have not been consistently supported by performance measurements. Furthermore, while the majority of studies have addressed explicit memory, few have investigated the implicit domain, and very little is known concerning other types of implicit memory besides procedural memory, such as priming. Thus, the purpose of the study was to investigate priming effect for visual stimuli in insomniacs and good sleepers. Twenty-three insomniacs and 20 good sleepers performed a visual priming task in which they were asked to name new and old pictures presented at nine ascending levels of spatial filtering. Both neutral and sleep-related stimuli were used, as previous research evidenced an attentional bias for sleep-related stimuli. Visual priming effect was observed in both groups, suggesting that poor sleep quality does not affect this type of implicit memory. However, the identification process in insomniacs is influenced by the nature of the stimulus to identify: insomniacs recognized both new and old sleep-related stimuli at lower spatial frequencies compared with good sleepers. The tendency to selectively attend to sleep-related stimuli may influence top-down processes occurring during identification of filtering stimuli, by determining a pre-allocation of attentional resources and facilitating identification processes even when sensorial information is scant. Differences in the identification processes of sleep-related stimuli compared with neutral ones should be carefully taken into account as possible pre-clinical markers of insomnia in poor sleepers.
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IN TROD UCTI ON
Insomnia disorder, defined as the presence of difficulties in initiating and maintaining sleep, accompanied by sleeprelated daytime impairment, persisting for at least 4 weeks (Baglioni et al., 2010) , is a very common disturbance, affecting up to 10-20% of the population (Buysse, 2013; Morin et al., 2006) . This disorder can have severe consequences, both in terms of personal burden, reflected by decreased quality of life, anxiety and emotional problems (L eger et al., 2001a) , and in terms of social costs, such as the higher rate of absenteeism and loss of work efficiency (Daley et al., 2009) .
Subjectively, insomniac patients often complain that their nighttime sleep troubles provoke massive fatigue and tiredness, associated with the perception of a notable reduction of cognitive performance. In particular, memory and concentration problems, as well as work-related mistakes, have been frequently reported (L eger et al., 2001b) .
However, these complaints have not been univocally supported by objective performance measurements. In an extensive literature review, Shekleton et al. (2010) suggest that the seemingly controversial results on this issue actually depend on the different cognitive domains addressed. In fact, according to the authors, impaired performance is most likely to be found on attentional tasks, which require a high cognitive load, and working memory tasks.
A recent meta-analysis (Fortier-Brochu et al., 2012) described significant impairments, of small to moderate magnitude, for tasks assessing episodic memory, problem solving and manipulation and retention in working memory. The latter has been usually evaluated using tasks involving reverse repeating, tracking or addition of numbers. Some studies have reported impaired working memory in insomniacs compared with controls (Bonnet and Arand, 1995; Haimov et al., 2008; Rosa and Bonnet, 2000; Varkevisser and Kerkhof, 2005; Vignola et al., 2000) , whereas some others did not (Orff et al., 2007; Schneider-Helmert, 1987) .
Long-term explicit memory has usually been evaluated using declarative memory tasks (word recall and word recognition), and the majority of studies have not found significant differences between insomniacs and good sleepers (Backhaus et al., 2006; Hauri, 1997; Mendelson et al., 1984; Orff et al., 2007; Vignola et al., 2000) . Explicit motor sequence learning (using a finger tapping task) in insomniacs has also been addressed in a study by Cellini et al. (2014) , in which insomniacs' baseline performance was significantly worse than that of healthy controls.
Much less is known, in insomniacs, about implicit memory, i.e. neurocognitive processes that support learning "without the concomitant awareness of memory retrieval" (Voss and Paller, 2008) .
To our knowledge, only two studies (Backhaus et al., 2006; Nissen et al., 2011) have assessed this domain in insomniacs, by using a procedural motor adaptation task (i.e. mirror tracing), with conflicting results. In Backhaus et al. (2006) , no difference was found between groups in baseline performance, whereas Nissen et al. (2011) showed an inverse pattern of results at two different times of day: at 20:00 hours, healthy controls performed better than insomniacs, while the opposite occurred at 08:00 hours.
Furthermore, implicit memory includes not only the procedural domain, but also other types of memory processes such as priming. It is widely accepted that priming and procedural skills may differ in the nature of stored representations and in their neural substrates (Rauchs et al., 2005) . For example, whereas in procedural memory tasks the acquisition process takes place over several training sessions, in perceptual priming tasks, instead, stored information usually corresponds to items (i.e. drawings or words) presented only once. Furthermore, neuropsychological data, for example on subcortical dementia (Butters et al., 1990) , suggest that priming and procedural memory are based on different memory systems, and neuroimaging studies show that they are subserved by different brain areas: subcortical areas such as the striatum for procedural memory (Hikosaka et al., 1998) versus neocortical areas for priming (Buckner et al., 1995) . Taking into account these differences, the absence of deterioration in insomniacs' procedural memory performance (Backhaus et al., 2006) does not exclude a possible impairment in other types of implicit memory, such as those regarding the perceptual system, and consequently in the processes or effects depending on them (e.g. priming).
Thus, the aim of the present study was to investigate the priming effect for visual stimuli in insomniacs compared with good sleepers. Because the interplay between perception and memory may be modulated by the semantic category of the stimuli (Giganti and Viggiano, 2015) and in light of several studies showing an attentional bias for sleep-related stimuli in insomniacs (for a review, see Harris et al., 2015) , both neutral and sleep-related stimuli were used for the priming task.
MAT ERIALS AN D METH ODS Participants
Participants were 43 university students, including 20 good sleepers (F=14, M=6; mean age AE standard deviation 23.3 AE 3.1 years) and 23 subjects (F=16, M=7; mean age AE standard deviation 22.4 AE 4.4 years), suffering from insomnia, evaluated through a short clinical interview and the standardized screening questionnaires presented below. Eight insomniacs out of 23 reported that they had experienced the disorder for 1-6 months, all other subjects for more than 6 months. Moreover, seven subjects reported difficulties only in falling asleep within 30 min, whereas one subject reported waking up in the morning at least 60 min before the desired time, and 15 subjects reported mixed symptoms (seven subjects reported sleep-onset difficulties and night awakenings, two subjects reported night awakenings and early awakenings in the morning, two subjects reported sleep-onset difficulties and early awakenings in the morning, and four subjects reported all symptoms).
According to a brief ad hoc questionnaire administered to collect general demographic data and information on medical condition and health habits, none of the participants either were using psychoactive medications or were affected by relevant medical issues or psychiatric illness.
The research was approved by the Local Ethical Committee and has been carried out in accordance with the Declaration of Helsinki for experiments involving humans. Participants provided written informed consent prior to the onset of the study.
Screening instruments
(1) Sleep Disorder Questionnaire (SDQ; Violani et al., 2004) .
The SDQ is a validated brief self-report questionnaire, which evaluates the presence of insomnia. Subjects were grouped as follows: (a) Buysse et al., 1989) . The PSQI is a questionnaire used to measure the quality and patterns of sleep in adults. Beck et al., 1996) .
The BDI-II consists of 21 questions for depression severity assessment in both clinical and normal adolescents and adults. Each question has a set of four statements arranged in increasing severity about a particular symptom of depression, and the total score ranges from 0 to 63. Higher scores indicate more severe depressive symptoms, with scores 0-13 indicating minimal depression, scores 14-19 indicating mild depression, scores 20-28 indicating moderate depression, and scores 29-63 indicating severe depression. (6) Beck Anxiety Inventory (BAI; Beck et al., 1998) . The BAI is a 21-question self-report instrument for measuring the severity of anxiety in adolescents and adults. It distinguishes anxious diagnostic categories (panic disorder, generalized anxiety disorder, etc.) from non-anxious diagnostic categories (major depression, dysthymic disorder, etc.). Each symptom item has four possible answers from no symptom to severe symptom. For each item, the subject is asked to report how he or she has felt during the last week. The items are scored as 0, 1, 2 or 3. The score range is from 0 to 63. A total score of 0-7 is considered minimal range, 8-15 is mild, 16-25 is moderate, and 26-63 is severe.
Inclusion criteria for the good sleepers group were: 'good sleep' category at SDQ; ISI < 8; PSQI < 5. Inclusion criteria for the insomniacs group were: 'clinically significant insomnia' category at SDQ; ISI = 8; PSQI = 5. In the current study, participants were included if their scores were below 20 at BDI and below 16 at BAI.
Procedure
All potential participants were approached around the university sites (i.e. lecture halls, library, etc.). One-hundred and twenty-seven students accepted to fill out the screening questionnaires. Based on their responses, selected participants (i.e. 20 good sleepers and 23 insomniacs) were subsequently contacted by e-mail or by phone, and invited to the sleep laboratory for the memory task.
Memory task
Implicit memory was investigated using a visual priming task. The priming effect consists in the facilitation that prior exposure to a stimulus exerts on the recognition of the same or similar stimulus presented in a later test phase. In the test phase of perceptual priming tasks, the target stimulus is usually presented, among other new stimuli, in a masked form (filtered, fragmented, blazed, etc.) that makes identification more difficult. A useful method to study visual priming is the use of an ascending paradigm, where the difficulty of recognition is manipulated by gradually increasing the spatial frequency at which the visual images of the stimuli are presented, starting from very low spatial frequencies (at which the stimulus is very difficult to recognize) until the maximum spatial frequency (at which the visual image is complete; Giganti et al., 2014; Vannucci et al., 2001; Viggiano et al., 2006 Viggiano et al., , 2007 Viggiano et al., , 2010 .
In this study, participants were individually tested in a dimly lit and quiet room, sitting in front of a computer screen at a distance of 57 cm. For each subject, stimuli consisted overall of 88 black and white photographs of neutral and sleeprelated real-life objects.
In the study phase, subjects were asked to say aloud the name of 44 pictures (22 neutral and 22 sleep-related objects) presented in random order on the LCD screen of a laptop. Each figure was presented in its canonical orientation for 700 ms, with a variable inter-stimuli interval depending on the time required by the subject to give his answer. All stimuli were centred on a white background and subtended a visual angle of 5-8°.
In the test phase, 44 neutral stimuli (22 pictures presented in the study phase and 22 new pictures) and 44 sleep-related stimuli (22 pictures presented in the study phase and 22 new pictures) were subjected to eight different levels of spatial filtering, following a coarse-to-fine order that gradually integrated spatial information. The low-pass filtering process was achieved using a Gaussian digital filter applied to the bidimensional array representing the original image scanned at a resolution of 300 dpi (Viggiano et al., 2007) . Each picture presentation lasted 700 ms and was presented in an ascending sequence (Viggiano et al., 2007) of nine frames starting from the most blurred (Level 1) and adding new ranges of high spatial frequencies up to its complete version (Level 9). Subjects were asked to say aloud the name of each picture, at each level of filtering, and feedback on identification accuracy ('right' or 'wrong') was given.
To control for the difficulty of items, two sets of stimuli were created (A and B): stimuli presented as new in the set A became old in the set B and vice-versa. The two stimuli sets were presented in counter-balanced order across subjects. 
Stimuli
In a preliminary phase, 46 neutral stimuli and 49 sleeprelated stimuli were presented to 30 university students (23 female, seven male; mean age AE standard deviation 23.5 AE 2.2 years) who did not participate in the experimental study. Neutral stimuli consisted of black and white photographs of real-life objects (44 tools), taken from a standardized set of pictures (Viggiano et al., 2004) . Sleep-related stimuli consisted of black and white photographs of real-life objects usually present in a bedroom or related to sleep (i.e. bed, night table, bed-side lamp, pajamas, etc.). Subjects were asked to name neutral and sleep-related stimuli presented in random order on a laptop LCD screen. Furthermore, subjects were asked to rate, on a 1-5 Likert scale, the sleep-relatedness, the familiarity, the visual complexity and the valence of each picture.
Two sets of neutral and sleep-related stimuli were thus created according to the following inclusion criteria: (a) neutral stimuli: mean familiarity ≥ 4, mean sleeprelatedness ≤ 2; (b) sleep-related stimuli: mean familiarity ≥ 4, mean sleep-relatedness > 2. According to these criteria, two potentially neutral stimuli and five potentially sleep-related stimuli were excluded. Therefore, the final stimuli sets consisted of 44 neutral stimuli and 44 sleeprelated stimuli. Comparisons between the two stimuli sets showed no significant difference for familiarity (t = À0.7, ns), perceptual complexity (t = 0.5, ns) and valence (t = À0.6, ns), that was neutral for both neutral and sleep-related stimuli (mean valence 2.86 and 2.82, respectively), whereas a significant difference emerged for sleep-relatedness (t = 28, P < 0.001).
Data analysis
Statistical analysis was performed using the Statistical Package for Social Sciences (SPSS; version 16.0, SPSS, Chicago, IL, USA).
As there was a total of nine versions of each picture, the subject scored '9' if he/she could correctly identify the object at its most filtered version (Level 1); '8' if he/she could correctly identify the object at the successive filtering level (Level 2), etc. until Level 9 (unfiltered version), corresponding to score '1' (Viggiano et al., 2007) . Each participant's identification score (max = 9, min = 1) was transformed into correct recognition score according to the procedure described in Done and Hajilou (2005) . To evaluate the priming effect, the correct recognition score was entered into a mixed design three-way ANOVA with the following factors: Group (two levels: good sleepers versus insomniacs); Priming (two levels: old versus new stimuli); Type of Stimuli (two levels: neutral versus sleep-related stimuli). Post hoc multiple comparisons were performed using the least significant difference test. Furthermore, to evaluate the magnitude of priming effect (Rauchs et al., 2006) as a function of neutral and sleep-related stimuli in the good sleepers and insomniacs, we calculated the difference between the correct recognition score for old and new pictures. Comparisons within and between the two groups (good sleepers and insomniacs) were performed using paired and unpaired Student's t-test, respectively. Significance was set at P = 0.05.
A priori power analysis was conducted. In light of existing literature data (Fortier-Brochu et al., 2012) , it is reasonable to assume at maximum a medium-size effect (Cohen's d between 0.50 and 0.65). Given that our sample is composed of two groups of 20 and 23 participants, with a significance level of 0.05, the a priori power is between 0.36 and 0.55. A posteriori power analysis was also performed. A posteriori power analysis refers to the power of the tests assuming that the observed effects are true effects. Table 1 shows the results from the screening measurements for good sleepers and insomniacs.
RESULTS

Priming effect
ANOVA showed a significant main effect of Priming (F 1,41 = 346.1; P < 0.001, g 2 = 0.89; power = 0.99), whereas the effects of Type of Stimuli and Group were not Furthermore, the interactions 'Type of Stimuli 9 Group' (F 1,41 = 38.4, P < 0.001, g 2 = 0.48; power = 0.99) and 'Priming 9 Type of Stimuli 9 Group' (F 1,41 = 6.9, P < 0.05, g 2 = 0.14; power = 0.72) were significant, whereas no significant effect emerged for 'Priming 9 Group' (F 1,41 = 0.2, NS, g 2 = 0.005, power = 0.07.) and 'Type of Stimuli 9 Priming' (F 1,41 = 0.4, NS, g 2 = 0.01, power = 0.99).
Post hoc analysis revealed that insomniacs identified sleep-related stimuli at lower spatial filtering compared with neutral ones (P < 0.01), whereas good sleepers identified neutral stimuli at lower spatial filtering compared with sleeprelated ones (P < 0.01; Fig. 1) .
Furthermore, insomniacs identified sleep-related stimuli at lower spatial filtering compared with good sleepers (P < 0.001), whereas good sleepers identified neutral stimuli at lower spatial filtering compared with insomniacs (P < 0.05).
In both insomniacs and good sleepers, the identification of filtered images was markedly influenced by prior exposure, with thresholds significantly lower for old than for new items. Nevertheless, differences between the two groups emerged as function of Type of Stimuli and Priming factors. Indeed, insomniacs identified old sleep-related stimuli at lower spatial frequency than good sleepers (P < 0.001), whereas no significant differences between the two groups emerged in the identification of old neutral stimuli. Also, new sleeprelated stimuli were identified at lower spatial frequency (P < 0.001) by insomniacs compared with good sleepers, who identified new neutral images at lower spatial frequency relative to insomniacs (P < 0.05; Fig. 2) .
In insomniacs, the lower threshold of identification for sleep-related stimuli compared with the neutral ones was not associated with a greater priming effect for this type of visual stimuli. Indeed, the comparison between the magnitude of priming effect for sleep-related stimuli with the magnitude of priming effect for neutral ones was not significant (t 22 = 1.3, NS; Fig. 3 ). On the contrary, good sleepers displayed a greater priming effect for sleep-related stimuli than neutral ones (t 19 = À2.8; P < 0.05, Cohen's d = 0.65; Fig. 3 ). According to post hoc power analysis, power was 0.79.
The magnitude of priming effect for sleep-related stimuli was greater for good sleepers than for insomniacs (t 41 = 2.2, P < 0.05, Cohen's d = 0.68). Power turned out to be 0.58. On the contrary, no differences between the two groups were observed in the magnitude of priming effect for neutral stimuli (t 41 = À1.2, NS; Fig. 3 ).
DISCUSSION
This is the first study investigating priming effect in insomniacs. Our data show that priming recognition seems to be unaffected by disturbed sleep, as both good sleepers and insomniacs identified filtered images of previously seen pictures at lower thresholds than those of new pictures. Because of the limited statistical power and the small effect size, this result has to be interpreted cautiously and requires further replications in larger samples. Indeed, as highlighted by Fortier-Brochu and colleagues (Fortier-Brochu et al., 2012) , the small sample size and the low statistical power of studies investigating differences in cognitive performance between insomniacs and good sleepers may have prevented the detection of small group differences. Nevertheless, our results intriguingly strengthen the hypothesis that implicit memory is preserved in insomniacs, in agreement with a previous study on implicit procedural memory (Backhaus et al., 2006) . A possible explanation for this is that the neural circuits of implicit learning, and specifically those of visual perceptual memory, are more stable and resistant than those underlying other types of memories, as shown by studies performed in patients with neurological diseases (Viggiano et al., 2007) and amnestic patients (Cohen and Squire, 1980 ).
An interesting result of our study concerns the significant difference between insomniacs and good sleepers in the recognition process of neutral and sleep-related stimuli. Specifically, insomniacs identified filtered images of sleeprelated stimuli at lower thresholds than neutral stimuli independently from the priming effect. It is noteworthy that the presentation procedure was the same for both sleeprelated and neutral stimuli, and that they did not differ for any aspect other than their relationship with sleep. In fact, the two sets of stimuli were controlled for perceptual complexity, familiarity and valence.
Insomniacs in our study recognized both old and new sleep-related stimuli at lower thresholds compared with good sleepers. This greater capability to identify sleep-related stimuli could be explained by a state of cognitive hyperarousal in insomniacs, leading them to pay more attention to 'sleep' and to everything that is sleep-related (Espie et al., 2006; Harvey, 2002) .
Indeed, the cognitive model of insomnia (Harvey, 2002 ) describes insomniacs as characterized by a preferential allocation of attentional resources to sleep-related threat cues, both during wakefulness and in the pre-sleep period. Insomniacs would be selectively focused not only on internal sleep-related cues (i.e. fatigue), but also on (Espie et al., 2006) , sleep-related cognitive arousal (and, in particular, the selective attention to internal/external sleeprelated cues) would be very important in determining and maintaining poor sleep. Actually, several studies that have investigated selective attention using specific tasks found an attentional bias to sleep-related stimuli in insomniacs, which are particularly salient for these subjects because of the association with their disorder (Harris et al., 2015) .
In explaining our results, we can assume that, in insomniacs, the tendency to attend selectively to sleep-related stimuli may influence top-down processes that occur during the identification of filtered stimuli (Viggiano et al., 2010) , determining a pre-allocation of attentional resources toward sleep-related memory traces and then facilitating the Comparisons between priming scores (priming score = difference between levels of filtering at which old and new stimuli were recognized) for neutral and sleep-related stimuli in insomniacs and good sleepers. *P < 0.05. ª 2017 European Sleep Research Society recognition of these stimuli even when sensory information are scant. Conversely, insomniacs show a reduced ability in identifying neutral stimuli compared with good sleepers, further supporting the evidence that insomnia deeply impairs all attentional functions (Fortier-Brochu and Morin, 2014; Li et al., 2016) ; therefore, it is likely that the attentional bias could be even worsened by the disorder, resulting in a hardto-break 'vicious circle'.
As for good sleepers, they show more pronounced priming for sleep-related stimuli relative to the neutral ones. This result, which could seem surprising, is actually just 'the other side of the coin' and is possibly explained by a lower salience, for good sleepers, of sleep-related stimuli, relative to neutral ones, in the morning (i.e. the time of day when the task was administered). In other words, new sleep-related stimuli would be recognised by good sleepers at higher thresholds, amplifying the magnitude of priming effect. We hypothesize that this result could have been different by administering the task in the evening, when sleep-related stimuli are expected to be salient for both insomniacs and good sleepers; this was recently shown by Barclay and Ellis (2013) , who found no differences between insomniacs and good sleepers in response latencies to sleep-related stimuli, at an emotional Stroop task administered in the evening before sleep onset.
Concerning possible time of day effects on implicit memory, given that they have been previously shown, both in good sleepers (Cajochen et al., 2004) and in insomniacs (Nissen et al., 2011) only through procedural motor tasks, more studies are needed to determine how, and to what extent, performance at the visual priming task fluctuates over the 24 h.
In conclusion, our results add further evidence of a greater cognitive arousal linked to sleep-related stimuli in insomniacs compared with good sleepers, confirming the importance of taking care, in insomnia treatments, not only of objective sleep measures, but also of cognitive aspects such as selective attention for sleep-related stimuli. Moreover, in a preventive perspective, the presence of different identification processes for sleep-related stimuli compared with neutral ones could be considered a 'preclinical sign' to identify, among poor sleepers who do not yet meet diagnostic criteria for insomnia, those subjects most likely to develop the disorder.
